Plathymenia reticulata Benth belongs to the family Fabaceae. It has its own hardwood for luxury furniture, and it is also used in construction. The coating consists in applying thin and uniform layers of inert adhesive mechanism in order to increase the seed size, altering his shape, texture and color, in addition to enabling common use of nutrients, fungicides, insecticides and microorganisms beneficial. The goal of this study was to evaluate the physical and physiological seed's quality of mahogany coated with different doses of fertilizer. The treatments were: T1: sand + lime; T2: sand + lime + 25 g of fertilizer; T3: sand + lime + 50 g of fertilizer; T4: sand + lime + 75 g of fertilizer; T5: sand + lime + 100 g of fertilizer, and control with uncoated seeds. Later, the seeds were evaluated in laboratory and greenhouse. The coating increased up to 91% weight of one thousand seeds without the treatment coated fertilizer. The presence of nutrient seed coating decreases his germination. The doses of fertilizer used were harmful to germination, IVG, emergency and IVE, but did not affect seedlings development.
The far-reaching economic, social and environmental potential of the vinhatico, combined with the few works found in the literature, validates how important it is to carry out studies on this species, making it necessary to elaborate methodologies for its efficient multiplication, conservation and maintenance [2] .
That would justify the studies on seeds of this species, taking into account the physical and physiological aspects of such seeds, since the species is propagated by them.
The technique of seed coating has been used for a long time, applied mostly to vegetable, forest and ornamental seeds. It consists in applying thin and uniform layers of adhesive, inert materials to the seeds, with the goal of increasing their size, their shape, texture and color. Furthermore, this technique enables the mutual use of nutrients, fungicides, insecticides and beneficial micro-organisms [3] .
Besides, the coating protects the seeds from temperature and humidity variations, both in the soil and when they are stored [4] . Another advantage of seed coating is the ease of incorporating chemicals such as macro and micronutrients with the possibility of raising production, especially in areas that have high levels of crop management technology [5] .
The ability to add nutrients to seed turns fertilization and crop fertility into a more effective and less costly process, because fertilizers are constantly suffering with high rates of losses in the field due to leaching and soil erosions that still carry mineral and organic fraction essential to plant development [6] .
In addition to the losses of fertilizers through soil, native forest species still lack information about the nutritional requirements, both for the production of seedlings and for the establishment and initial development of plants in the field [7] .
Coating seeds with macro and micronutrients is presented as a possible solution to the problems described above, because the localized application of fertilizers offers many advantages, such as: initial source of nutrients for the seedling, lower contact of the nutrient with the soil and the possibility to form more uniform and vigorous plant stands, in addition to decreasing the costs of replanting and thinning.
Thus, the objective of this work was to evaluate the effect of coats with different doses of fertilizers on the quality of vinhático seeds.
Material and Methods
The seeds of vinhático were purchased from the company Caiçara Comércio de Sementes. Initially, the wings were removed, and then the damaged or malformed seeds were separated. After this step, the seeds were mechanically sca- For the coat, the proportions between the filling material and the seeds were of 3:1 (p/p): for each 50 g of seeds, 150 g of filling material were used. This amount of material was divided into twelve portions, and each layer was composed of two portions of 12.5 g of filling material, adding up to a total of 6 layers.
As adhesive solution, it was used PVA-based glue diluted in water at 70˚C, at a rate of 1:1 (v/v), according to [8] .
For seed coating, we used, as filling material, sand + limestone [9] and increasing doses of fertilizer NPK 4-14-7 + boron and zinc, being the following treatments: T1: sand + limestone; T2: sand + limestone + 25 g of fertilizer (mixture of N-P-K + boron and zinc); T3: sand + limestone + 50 g of fertilizer; T4:
sand + limestone + 75 g of fertilizer; T5: sand + limestone + 100 g of fertilizer;
T6: control, with uncoated seeds.
It was performed the mixture of fertilizers, with 200 g of NPK 4-14-7, 10 g of boron (boric acid) and 10 g of zinc (zinc sulfate). The fertilizers were macerated before being mixed. Then, they were applied to the intermediate layers of coating to prevent it from being in direct contact with the surface of the seeds, while it was also protected by the outer layers.
The arrangement of the layers of filling materials in the seed coats was as it The coating process was conducted in a Newpack coating pan, model N-10.
The equipment has a stainless steel vat that revolves at a speed of 40 rpm, spray with pressure of 4 bars, hot air at 40˚C to dry seeds, regulators and timers.
The seeds were placed inside the vat of the coating pan, along with a portion of the filling material. Then, the spray of adhesive solution was applied 3 times, with one-minute intervals between each application. Next, another portion of the filling material was put on the seeds, followed by another application of adhesive solution. After that, the hot air blower was activated for 1 minute. This process corresponded to one layer of coating. Six layers were made for the complete coating of the seeds (Figure 1 ).
After coated, the seeds had their physical and physiological characteristics evaluated.
The procedures for the evaluation of such characteristics were:
Water content (WC) and weight of 1000 seeds (WTS): according to [10] .
Germination test (GT): performed with four replications of 50 seeds, germinated in paper towels, previously moistened with water equivalent to 2.5 times the weight of the paper. Then, the paper towels were brought to a BOD germinator regulated at a constant temperature of 25˚C, light/dark for 8/16 hours. The evaluations were carried out at days 10 and 16, taking account of the number of normal, anomalous and infested seedlings and non-germinated seeds, according to the criteria set out in Regra para Análise de Sementes [11] .
Germination speed index (GSI)-it was conducted together with the germination test, and the evaluations were carried out every two days, from sowing until the end of the test. The index was calculated based on the Maguire's Formula [12] .
Emergence in greenhouse (% E)-four replications of 50 seeds were sown in plastic trays containing washed sand, corresponding to each one of the coating treatments with filling material. The trays were kept in a greenhouse and the counting of normal seedlings emerged took place on the 16th day.
Emergence speed index (ESI)-it was conducted together with the assessment of seedlings emergence in a greenhouse, and the evaluations were carried out every two days until the 16th day after sowing. The index was calculated based on the Maguire's Formula [12] .
Length of aerial part (LAP) and root length (RL)-the length of the aerial part and the length of the root was measured using a millimeter ruler, after 60 days in the greenhouse, in four replications of ten plants washed and chopped, separating the aerial part and the root from the stem of the plant.
Fresh and dry mass from the aerial part and of the root-after measuring the length of the aerial part and the length of the root, they were put on an analytical balance to obtain the values of fresh mass. Both parts were placed in paper bags, separately, and put in a greenhouse with forced-air ventilation at 60˚C to dry, during 72 hours. Next, they were weighed in an analytical balance.
The experiments in the laboratory and in the greenhouse were conducted in a completely randomized design, comprehending six treatments with four replications of 50 seeds. The data obtained were subjected to analysis of variance and to comparison of means by Duncan's test, being 5% the level of significance, with the aid of the software ASSISTAT® [13] .
Results and Discussions
The coating process used in the seeds of vinhatico resulted in an increase of their weight and size ( Figure 1 and Table 1 ).
The results of the weight of 1000 seeds, coated and uncoated, showed that the coating used in all treatments significantly increased the weight of the seeds, a mass gain of more than 91%, as it is with the coating treatment without fertilizer, which weighed 20.9 g while the control weighed only 10.9 g (Table 1 ).
According to the analysis, weight gain was observed in the coating from 4.08 g to 10.02 g in coated seeds compared to uncoated ones, as it can be observed in Table 1 .
Coating without fertilizer was the one that provided higher WTS (10.02 g), and that is due to the fact that both the sand and the limestone stick homogeneously to the seeds during the coating process, in relation to treatments containing fertilizer. [14] working with the coating of seeds of Estilosantes Campo Grande, observed that the texture of the limestone and of the sand results in the formation of a structure with more granules around the seed, which causes mass gain.
The statistical analysis of the data related to WTS makes it possible to observe that there was no significant difference between the treatment without fertilizer and the treatment with 100 g of fertilizer in the coating, due to the fact that both the sand and the large amount of fertilizer in the treatment with 100 g of fertilizer in its composition, stuck homogenously to the coating of the seeds of vinhatico, giving them an increased weight of 1000 seeds and a greater value in the coating ( Table 1 ).
According to [15] , the increase in weight and size of the seed is due to the easy distribution of seeds during sowing, manual or mechanical.
As it can be seen in Figure 2 , along with the coating treatments, analyses were made on uncoated seeds, or control seeds, for the analysis and comparison of the development of seedlings that received coating. This control treatment proved to be more vigorous in some characteristics, such as First Germination Count, Germination Speed Index, Percentage of Emergence and Emergence Speed Index, whereas it does not present the physical barrier formed by the coating, which can reduce its gas exchanges, hindering the germination process. However, for this experiment, no significant differences were observed between the control treatment and the coating treatment without fertilizer. For the first germination count (FGC), according to regression analysis, it was observed linear, descending behavior for the doses of fertilizer used. Thus, the higher the dose the lower the percentage of FGC. As for the percentage of germination (% G), according to regression analysis, it was observed cubic behavior for the doses of fertilizer used. Evaluating the results of the first germination count (FGC) and percentage of germination (G), it can be observed that the treatments with the highest doses of fertilizer were the most harmful to the germination of vinhatico seeds. The treatment with 25 g of fertilizer promoted decrease of approximately 50% in the (FGC) and in (G). It is worth mentioning that there were no significant differences between the control seeds and the seeds coated without fertilizer, showing that the negative effect on low FGC and G is due to the high amounts of fertilizer in the coating and not an effect of the coating itself.
According to [16] , the increase of saline concentration in the substrate affects the germination of seeds, because it expands the osmotic potential of the solution and decreases the water potential. Furthermore, when associated with the toxic effect of salts, it interferes in the process of absorption of water by seeds.
It was observed in this work that the seeds absorbed water, although the water did not reach its minimum content in the seed in order to promote its germination, making it seem like the coating competed against the seed for the water available in the substrate, therefore lowering the percentage of FGC and G.
The [17] states that the answer to the application of nutrients in the coating depends on the source of nutrient used, on the species and on how the nutrient is supplied, because different sources of the same nutrient may interfere with different intensity with the germination of seeds. [17] also says that the use of soluble saline fertilizer as coating material for seeds has been destructive to germination and to the initial growth of seedlings, considering that it impairs the absorption of water.
Already [18] reports that some materials used in the coating of the seeds, as well as the dosage, can cause immediate phytotoxic effects on germination or reduce the physiological quality of seeds.
The authors [19] , working with sorghum seeds treated with zinc (0, 3.57, 7.14, 14.28 and 28.56 g of zinc per kg of seeds), using zinc sulfate heptahydrate as a source of zinc, also observed that germination reduced when the doses of fertilizers increased.
As it was observed for germination with different doses of fertilizer in the coating of vinhatico seeds, the GSI also presented cubic regression. However, as it can be seen in Figure 2 (c), there was no significant difference between the control (column) and the coated seeds without fertilizer (dose zero). Although the coating forms a physical barrier that must be overcome by the radicle, it was not detrimental to the speed of germination. The negative effect in relation to this variable was due to the doses of fertilizer used, because as the dose increased, the speed of germination decreased. On the other hand [20] , while studying pelleted seeds of mutamba, evaluated the effect of four different sizes of pellets, and came to the conclusion that while there is an increase in the size of the pellet, it occurs a decrease of emergence and of the GSI, assigning this decrease to the size of the pellet and not to its composition, different than what P. G. was observed in this work, when the doses of fertilizers influenced the speed of germination but not the coating.
Through regression analysis regarding the percentage of non-germinated seeds (NGS), it was observed that there was cubic behavior for this variable, being the values for NGS higher for coatings with fertilizer in relation to the coating without fertilizer (Figure 2(d) ).
Through the analysis of variance, it was found that there was no significance only for the variable of abnormal seedlings (AS) as it can be seen in Figure 3(a) . That is, the damage caused by doses of fertilizer is not reflected in this feature of the seeds.
In the evaluation of infested seedlings (IS), it was observed that the increase of IS presented cubic regression, with the highest rates of IS being found in doses of 50 and 100 g of fertilizer (Figure 3(b) ). The effect of the attack of pathogens can be clearly noticed when the results obtained in the control seeds and in the coated seeds without fertilizer are observed in comparison to those of seeds which received increasing doses of fertilizer in their coating. This attack could be linked either to contamination in the fertilizer or to the delay in the germination of these seeds, which was visually observed during the experiment, thereby damaging the germination with the higher proliferation of fungi.
According to [21] , the sanitary quality of the seeds of forest species is an important factor in germination, because contaminated seeds increase losses through decay, abnormalities and damaged seedlings.
Second [22] , the seeds can suffer attacks of pathogens in the field and during the harvesting, drying process and seed processing, affecting their quality and reducing their ability to germinate, in addition to causing damage to newly emerged seedlings.
Analyzing the fresh mass (FM) in Figure 3 (c), it can be observed decreasing linear behavior along with increased doses of fertilizer in the coating, but it is important to note that there was no significant difference between the control and the seeds coated without fertilizer. This makes it clear that the reduction of is not prejudicial to the development of seedlings. In the greenhouse, the emergence (E) of seedlings was reduced with the increase of doses of fertilizer, but no significant difference was observed between the control seeds and the seeds coated without fertilizer, because they presented high index of emergence, reaching 81% of emergence against 40% to 50% in seeds coated with fertilizer, showing a quadratic behavior of decrease, in which fertilizer in the coating of seeds was harmful to their emergence (Figure 4(a) ).
The emergence speed index (ESI) showed decreasing linear behavior in relation to the increase in doses of fertilizers and showed similar results to those obtained in the laboratory for GSI, when seeds coated without fertilizer presented largest ESI than seeds coated with fertilizer in the composition of the coating (Figure 4(b) ). American Journal of Plant Sciences Similar results were found by [24] , who concluded that the coating of seeds of Brachiaria brizantha cv. Marandu reduced the speed of emergence and germination of seedlings. [25] working with pelleted lettuce seeds, observed that all the pellets presented percentage of emergence similar to that obtained with non-pelleted seeds, but the pellets caused delay in the emergence.
Already [20] by analyzing the effect of single superphosphate and triple superphosphate as filling material in the pelletization of seeds of mutamba, in doses of 50% and 100%, observed that the fertilizer negatively compromised the percentage of emergence of seedlings, and stated that the concentration of fertilizer used to pelletize the seeds is decisive in the outcome of germination of the seeds.
On the other hand, [26] pointed out that the pelletized seeds of lettuce had a higher percentage of seedling emergence in the field than the non-pelletized seeds.
[27] also observed that there was no difference between non-pelleted and pelleted tomato seeds as to the emergence of seedlings in the field.
According to the regression analysis, the length of the aerial part (LAP) presented quadratic behavior. The differences between treatments were small, because the LAP reached a maximum of 8.04 cm in seedlings from seeds without coating and a minimum of 6.89 cm in seedlings from seeds coated with 50 g of fertilizer in the coating, with significant differences between these two treatments as it can be observed in Figure 4 (c).
The [28] studying the coating of tomato seeds with increasing concentrations of synthetic polymer, noted that the film coating did not change the biometric variables related to the growth of seedlings. Already [29] also reported that the growth of carrot plants was not affected by the seed coat. Thus, it can be observed that the effects of coating are more limited to the physiological potential of seed and probably to the initial growth of seedlings, during a short period after the emergence [30] .
The length of the root (RL) reached a maximum of 6.4 cm in seedlings from seeds coated without fertilizer and a minimum of 5.8 cm in higher doses of fertilizer (50 and 100 g), with no significant differences between the treatments ( Figure   4(d) ).
These results show that the fertilizer was not prejudicial to the development of seedlings, whereas they presented themselves to be as vigorous as the seedlings that did not receive fertilizer in the coating, even presenting positive effects in later stages of their development in the field, which cannot be evaluated in this work.
For [31] , vigorous seeds produce seedlings with higher rate of growth, because they present greater capacity of transformation and of supply of resources of storage tissues and greater.
The analysis related to the incorporation of these resources by the embryonic axis. Fresh mass of the aerial part (FMAP) and to the dry mass of the aerial part (DMAP) did not show significant differences, indicating that these variables were not affected by the increasing doses of fertilizer incorporated into the coating of the seeds of vinhatico.
According to the regression analysis, the variable fresh mass of the root (FMR) presented quadratic behavior (Figure 4(e) ) and the variable dry mass of the root (DMR) showed no significant differences between the treatments (Figure 4(f) ).
For these variables there is a tendency to decrease the mass as the doses of fertilizer are increased, but these results are very close to the results obtained with the control treatment.
Similar results were found by [32] while working with the application of copper in corn seeds. They concluded that for the doses of 1.0, 2.0, 4.0 and 6.0 g of copper per kg of seed there was reduction in emergence, but without affecting the dry mass of seedlings that emerged.
The [19] , working with the application of zinc in sorghum seeds, observed decrease of the dry mass of the root and of the entire plant, which may have been caused by toxicity in the doses of the nutrient applied to the seeds. According to [33] , the lowest production of DMR of sorghum can be attributed to the possible toxicity of zinc, which is characterized by an inhibition of root elongation.
The lowest growth of roots and the lowest production of DRM influence directly the absorption of nutrients and contribute with a fraction of the total dry mass produced. [34] found an increase of 19% in the concentration of zinc in the dry mass of rice plants, with an application of 4.7 g Zn per kg of seed.
The [35] conducted studies to outline the influence of some fertilizers-such as sodium borate and zinc sulfate-when added to the coating, in the initial quality of the seed, in the emergence and in the potential on the field and in storage of soybean seeds. The seeds were pelletized with the addition of zinc sulfate (250 mg•kg −1 of seed) and there was improvement in their initial quality and potential of production. The authors observed that the performance of seeds pelletized with and without nutrients was better than the control, and the power of germination was held for more than three months without any reduction in quality.
Despite the results obtained, the nutrients added to the coating are needed for plant growth. The application of nutrients might work as an alternative to a uniform distribution of micro-nutrients of easy incorporation and low cost of implementation near the seed, being necessary the study of the effect of doses that are lower than the ones applied in this work.
Conclusions
The coating increased in 91% the weight of seeds in the treatment without fertilizer. American Journal of Plant Sciences
The presence of nutrients in the fertilizers used in the coating of seeds decreases their percentage of germination and of emergence.
The coatings with fertilizer provided higher rates of non-germinated seeds and of infested seedlings.
The coating of the seeds without fertilizer was not harmful to the germination, the GSI, or to the fresh and dry mass of seedlings.
The doses of fertilizer used were harmful to germination, GSI, emergence and ESI, but they were not prejudicial to the development of seedlings.
